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the expensive, fragile components to remain aboard ship; even so, it would
not be trivial to construct a seagoing Raman spectrometer for shipboard use.
A relatively high sampling rate (one per millisecond, for instance) might be
achieved. Adequate power and cooling water, and a stable platform must be
available. Raman signals can emanate from the fiber itself. Power con-
sumption by the lasers typically used (a few kilowatts) is too great to de-
ploy a Raman spectrometer on an autonomous buoy.

Fiber Optics (Wolfbeis, 1991; Angel, 1987; Seitz, 1988)

Fiber optics can be used to deliver light over long distances. Fiber
optic sensors provide a means to measure properties of seawater continu-
ously using changes in the characteristics of a transmitted light beam. To
make measurements, light is sent down an optical fiber to excite the sample
(Figure 2). The sample in its natural state (for example, chlorophyll) or as
reacted with a dye modulates the light by absorbance or it emits fluorescent
light, which is carried back to a detector via the same, or a second, fiber.
The concentration of the material to be measured can be determined by the
degree of absorbance, by the amount of emitted light, or by the excited state
lifetime. Optical fibers consist of a "cladding" of one type of glass or
plastic surrounding a core of another type, so that light is trapped in the
core and can be transmitted over long distances. The attenuation of the
signal depends on the color of the light and the fiber material. If a larger
fiber is used, the signal increases, but so does the noise.

Many analytes do not absorb or emit light. In these cases, indicators
must be employed. Optical sensors are made by attaching a selective indi-
cator layer to the distal tip of an optical fiber. Optical sensors employ well-
known spectroscopic principles; the innovation is in making sensors for
measuring specific substances dissolved in seawater using indicators, bio-
logical molecules, or various reagent systems. Some of the advantages of
optical sensors are that they are small (50 to 250 micrometers), are free
from electromagnetic interference, and allow continuous monitoring. The
research challenge is to develop suitable indicators that provide stable mea-
surement. Another advantage is that no direct electrical connections are
required. In addition, fiber sensors can be multiplexed; that is, a single
instrument can support multiple sensors, for samples at different depths or
for different analytes. Optical fibers are useful for applications where it is
difficult to transfer power to a remote device because of their low attenua-
tion. Calibration and stability can be improved, in some cases, by employ-
ing ratio measurements using indicators having multiple absorption or emis-
sion peaks. By ratioing the peaks, calibration curves can be derived that are
independent of the absolute dye concentration (at various analyte concentra-
tions), light intensity, and other effects.